Early childhood investment is extremely important in forming the human capital. In order to understand the investment during this period, a human capital production function which takes parental skills, and investments as inputs and produce outcomes for children is needed. A well-known problem with the estimation of such production functions is the simultaneity of the inputs (time spent with children and income). Therefore the education production function suffers from a similar problem. However, because the output of the intergenerational education production (i.e., completed education level) is determined across generations while the inputs, such as parental time investment, are determined over the life-cycle of each generation, one can treat these inputs as predetermined and use instruments from within the system to estimate the production function. This procedure in a systems of equations framework can be estimated by a three stage least squares (3SLS) estimator. Using data on two generations from the Panel Study of Income Dynamics (PSID), this paper estimates the effect of parental characteristics and human capital investments on their children's education outcomes in a 3SLS framework.
Introduction
When the term "human capital" was brought to the economic literature in early 1960s, it also brought a big debate about how we should see the human capabilities and treat them. The early objection was not theoretical, but more philosophical: claiming human if treated as owning inherent or gained skills which potentially are in the same category with the physical capital (that was the first impression when the term "capital" was used), we should treat human as a version of capital. This is in principle perfectly fine theoretically, whereas it opens a new avenue in our understanding which affects the way we see the human development.
Today, the term "human capital" has a well-accepted definition in economics (and possibly in many other fields) that roughly states "stock of competencies, knowledge, social and personality attributes, including creativity, cognitive abilities, embodied in the ability to perform labor so as to produce economic value"
1 . Its role in economic development is so vital that the modern growth theory 2 sees human capital as an (the) important growth factor 3 . Due to its important role in economics, it is not surprising that many researchers study what boosts the human capital. Obviously there are many dimensions of this question and one important dimension is that in different time periods in the life-cycle, human capital evolves differently. Take for instance, the childhood, it may be expected that the human capital increases rapider than any other period in our life-cycle. Cunha et al 4 , Cunha and Heckman 567 , Heckman 8 , Heckman et al. 91011 present evidence on the importance of the early childhood on the issue of human capital, Especially the dynamics of human capital investments during the early childhood can have life-long lasting effects 12 . Significant part of the variation (at least 50%) in lifetime earnings can be explained by the attributes of individuals determined by age 18 1314 . Cunha et al. 15 basically states that there are critical periods in the human life where the impact of investment in human capital varies. Children learn faster and in economic terms, the benefit of investment in the early childhood is far above the benefit in the following adolescence years. This is important to know since it gives the chance to direct/change the policies accordingly.
For instance it is extremely important to understand the benefits if you think about the case of government programs for the children from disadvantaged backgrounds 16 . From a variety of intervention studies, it is well known now that ability differences in children from different socioeconomic backgrounds can be reduced if corrective action is taken at early ages 171819 . One example is the Perry Preschool Program of United States which provides investment at early ages to the disadvantaged children. Cunha and Heckman 20 show that there can be substantial improvements in cognitive and non-cognitive skills of the participants in the program. In turn those skills are what matters in many different aspects of life; like having better education, successful marriages, low probability of committing crime, better labor market outcomes, etc.
Moreover, Cunha and Heckman 21 conduct a simulation study to address the cost of investments in different periods of the children's life. Consider three different policies. The first one is like the Perry Preschool program mentioned above which provides funds at early stages that moves children from the lower end of the skill distribution to a higher level. This gain can be achieved by moving parental investment from the bottom decile (1/10 of the population) to around seventh decile of the family investment distribution. Suppose in this policy, there is no follow-up investment. They also consider another policy for the same target population that postpones the investment until adolescence. It is designed to compensate early shortfalls by investing larger amounts in the adolescence years to achieve the same high-school graduation rates observed in the Perry program. Real life examples of this policy are college tuition programs, adolescence literacy programs, and mentoring programs. The simulation exercise in Cunha and Heckman 22 , and other supporting evidence in Heckman 23 , Heckman et al. 24 show that the cost of investment in the adolescence targeted program is more than 35 percent larger than in the Perry Preschool program. Late remediation is possible, but it is costly.
Early childhood investment is extremely important but follow-up investments should complement it. Such a policy will produce the best outcome for the children. However when it comes to design a government policy to promote the children from disadvantaged backgrounds, the resources available for investment are not that flexible most of the time and generally investments are targeted to for certain periods. The current research on human capital tells us a better way to increase the life outcomes of those children through a continuous investment starting from childhood. Of course, there remain many other interesting questions unanswered such as what the content of the family investment should be. Are we referring to monetary investments like buying books, toys, sending the child to a chess class, or parental time spent with the kids are of equal importance? This is an active research topic which is addressed in Bernal The results show that potentially both money and time are important investment channels to achieve human capital transfers from parents to children. The parental characteristics also matters. More educated parents enjoy higher outcomes with the same level of investment. This can be explained by genetically transfer of traits (such as abilities), or might mean more investigation is needed to understand the environmental factors during the childhood. One such factor studied in Gayle et al. 3031 is the family. In U.S, the composition of families is changing, and the share of stable families is becoming less over time. This among other things may affect the intensity of the human capital investment.
The paper is organized as follows. Section 2 describes the data and the variables used in the analysis. Section 3 presents the econometric model and the results. Section 4 discusses the main findings in a general economic context and highlights the importance of time investment in children. Section 5 concludes.
Data
I use data from Family-Individual File of Panel Study of Income Dynamics (PSID) trough waves from 1968 to 1997. Individuals are selected by setting the individual level variables "Relationship to Head" to head, or wife, or son, or daughter. All sons or daughters are dropped if they are younger than 17 years of age. This initial selection produces a sample of 12,051 and 17,744 males and females, respectively; these individuals were observed for at least one year during our sample period. Our main sample contains 423,631 individual-year observations. Only white and black individuals between the ages of 17 and 55 are kept in the sample. The econometric estimation equation requires the knowledge of the five years of participation decisions in the labor market. This immediately eliminates individuals with fewer than five years of sequential observations. This reduces the number of individual-year observations to 139,827. To track parental time input throughout a child's early life, I dropped parents observed only after their children are older than 16 years of age. I also dropped parents with missing observations during the first 16 years of their children's lives. Furthermore, if there are missing observations on the spouse of a married individual, then that individual is dropped from our sample. Table 1 presents the summary statistics for our sample; column (1) summarizes the full sample, column (2) focuses on the parents, and column (3) summarizes the characteristics of the children. It shows that the first generation is on average 7 years older than the second generation in our sample. As a consequence, a higher proportion is married in the first generation relative to the second generation. The male-to-female ratio is similar across generations (about 55 percent female). However, the sample contains a higher proportion of blacks in the second generation that in the first generation (about 29 percent in the second and 20 percent in the first generation). This higher proportion of blacks in the second generation is due to the higher fertility rate among blacks in the sample. There are no significant differences across generations in the years of completed education. As would be expected, because on average the second generation in the sample is younger than the first generation, the first generation has a higher number of children, annual labor income, labor market hours, housework hours, and time spent with children. The second-generation sample does span the same age range, 17 to 55, as the first sample. This final sample is further constrained to obtain the parents who are matched with their children when they are adults. The unique structure of PSID allows the researcher to match the parents to their children which is essential for the analysis in this paper. In the econometric estimation, only the parents and child pairs with no missing observations in the first five years of the child life are included. This brings the sample to 1335 matched parents-child observations.
Parental time with young children
The PSID measures annual hours of housework for each individual; however, it does not provide data on time parents spend on child care. This variable is estimated using a variation of the approach used in the literature 3233 . Hours with children are computed as the deviation of housework hours in a particular year from the average housework hours of individuals with no child by gender, education, and year
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. Negative values are set to zero and child care hours are also set to zero for individuals with no children. In addition, in the estimation, I do not use levels of hours measure; instead I use a discrete measure with three levels of time spent with children for men and women, which reduces the problem. Furthermore, although this measure may not capture directly activities with children, I find, nevertheless, that it has a strong predictive power on educational outcomes (above and beyond other socioeconomic and demographic variables). In addition, previous studies also found that this variable predicts educational outcomes.
To ensure that the parental time variable captures the variation of time spent with children by race and to further assess the robustness of the variable, I benchmark the pattern of the measure of parental time with young children from the PSID against data from the American Time Use Survey (ATUS). The ATUS contains cross-sectional data on how Americans spend their time, including measures for different household activities such as child care. Figure 2 .1 summarizes the parental time with young patterns by race and marital status for both the PSID and the ATUS data. The top panel of Figure 2 .1 presents the time mothers spend with their children younger than six (henceforth referred to as young children) by race and the number of young children. It shows that the normalized parental time computed in the PSID tracks the actual time spent with young children reported in the ATUS time diaries. Furthermore, for any number of young children, white mothers spend more time with children than black mothers. The middle panel of 44 . It is tempting to conclude that the racial difference in maternal time is explained completely by the different composition of single mothers in the different racial groups.
The bottom panel of Figure 1 presents maternal time with young children by race and marital status. There is no discernible difference in time spent with young children between black and white single mothers. According to the PSID, white single mothers spend slightly more time than black single mothers, but the pattern is reversed in the ATUS data. However, black married mothers spend an average 180 hours per year less than white married mothers. This shows that the racial gap in time spent with their young children is due not only to the compositional effect of single mothers, but also to the significant differences in the maternal time with young children between black and white married households. Table 2 presents characteristics of the sample by gender, race, and marital status. The first three rows present the annual time spent with young children, number of children and annual housework hours. It shows that married black males spend slightly more time with young children than white married males; this is also true for housework in general. While single black males spend more time on housework than single white males, they spend significantly less time with young children; this is entirely due to the low number of single black males reporting that they are fathers in the PSID. Overall, the number of hours spent with young children by single males is very small. Single black females spend about 70 percent more time with children than single white females, but this is because single black females have, on average, twice as many children as single white females. Married black females on average have slightly more children than married white females (1.43 for blacks versus 1.27 for whites) but spend 30 percent less time with young children than married white females. Black married females spend less time on housework than white married females. It is also noteworthy that despite the absence of a racial gap in age, there is a 1-year racial gap in completed education between whites and blacks for all groups except married females. Thus in terms of demographic characteristics, black and white married females are similar but black married females spending less time with young children.
Education outcomes of children
Figure 2 presents the education distribution by race and gender. Clearly there is a large gender and race gap in outcomes. Blacks have worse outcomes than whites, and girls have better outcomes than boys. Comparing those with a high school education or less and those with at least some college degree, the gender gap is larger than the race gap. That is, the gender gap in the probability of achieving only a high school diploma or less is higher for boys and girls than it is for blacks and whites. However, in comparison, for those with college degree or more, the race gap is larger than the gender gap; whites have rates about twice as high as those of blacks. Of course, these educational gaps translate into earnings gaps as well 45 .
Figure 2. Distribution of Educational Outcomes of Children

Econometric Model and Estimation
Using data on two generations from the PSID, I estimate the effect of parental characteristics and human capital investments on their children's' education outcomes. The preliminary evidence from the data shows that there exists significant variation in both parental inputs and also children's outputs. This is very apparent for instance in the large black-white achievement gap. However estimating the effect of time investment, we need to have a human capital production function which takes parental skills and investments as inputs and produce outcomes for children. A well-known problem with the estimation of production functions is the simultaneity of the inputs (time spent with children and income in this paper). Therefore the education production function suffers from a similar problem. However, because the output of the intergenerational education production (i.e., completed education level) is determined across generations while the inputs, such as parental time investment, are determined over the life-cycle of each generation, we can treat these inputs as predetermined and use instruments from within the system to estimate the production function. This procedure in a systems of equations framework can be estimated by a three stage least squares estimator. Table 3 presents results of a Three Stage Least Squares estimation of the system of individual educational outcomes; the estimates for the other endogenous variables are given in Table A .1 in the appendix. The system includes the linear probabilities of the education outcomes equation as well as the labor supply, income, and time spent with children equations. The estimation uses the mother's and father's labor market hours over the first 5 years of the child's life as well as linear and quadratic terms of the mother's and father's age on the child's fifth birthday as instruments. The estimation results show that controlling for all inputs, a child whose mother has a college education has a higher probability of obtaining at least some college education and a significantly lower probability of not graduating from high school relative to a child with a less-educated mother; while the probability of graduating from college is also larger, it is not statistically significant. If a child's father, however, has some college or college education the child has a higher probability of graduating from college. This is consistent with the findings of RiosRull and Sanchez-Marcos
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We measure parental time investment as the sum of the parental time investment over the first 5 years of the child's life. The total time investment is a variable that ranges between 0 and 10 since low parental investment is coded as 1 and high parental investment is code as 2. The results in Table 3 show that while a mothers' time investment significantly increases the probability of a child graduating from college or having some college education, a father's time investment significantly increases the probability of the child graduating from high school or having some college education. These estimates suggest that while a mother's time investment increases the probability of a high educational outcome, a father's time investment truncates low educational outcome. However, time investment of both parents is productive in terms of their children's education outcomes. It is important to note that mothers' and fathers' hours spent with children are at different margins, with mothers providing significantly more hours than fathers. Thus, the magnitudes of the discrete levels of time investment of mothers and fathers are not directly comparable since what constitutes low and high investment differs across genders. 
College
In Table 3 , the standard errors are listed in parenthesis. The excluded class is less than high school in the estimation. Mother's (father's) labor income is the total labor income of the father (mother) in the first 5 years of the child's life. Mother's (father's) time is total time investment of the father (mother) in the first 5 years of the child's life (sum of discrete variable which takes 0,1,2 values). Instruments used in the 3SLS estimation are mother's and father's labor market hours over the child's first 6 years of life, linear and quadratic terms of mother's and father's age when the child was 5 years old. The results in Table 3 also show that females are more likely to have some college education or to graduate from college than males. We find there are no significant differences between black and white children's outcomes once we control for the inputs, parental characteristics, and number of siblings. We did not find evidence for increasing returns to scale with respect to the number of children at the household; siblings younger than three have a negative effect on outcomes, but siblings between the ages of three and six do not have a significant effect. Table 4 presents the predicted probabilities of a child's education outcome by parental education and time investment for a white male child as an example. This exercise illustrates the quantitative magnitude of the effect of parental time investment on education outcomes. With no time investment, the probability the child will obtain more than a high school education is roughly nonexistent regardless of the parents' education. The probability of graduating from college rises at an increasing rate with time investment. If both parents have less than a high school education and invest no parental time over the child's first 5 years of life, the child has a 20.2% chance of not completing high school and a 79.8% chance of graduating from high school. However, if both parents invest the average time observed in our sample the chance of not completing high school drops to 11.5%, the probability of some college increases to 49.2%, and the chance of graduating from college increases to 15.9%. If both parents invest intense 47 amount of time to their children, then the probabilities of not graduating from high school or only graduating from high school are zero, the probability of some college is 36.8%, and the probability of graduating from college is 63.2%. This pattern is repeated for other parental education groups; if both parents are college graduates but do not invest then the child has no chance of graduating from college. If both parents make average time investment, the probability rises to 43.2%, and if they invest the maximum amount of time it is 90.6%. These results suggest there are significant returns to parental time investment and quantitatively the effect of time investment still matters a lot even the monetary investments are controlled for. This finding is particularly important and in-line with Del Boca et al 48 .
Discussion
The results present a considerable gap in education outcome between blacks and whites. Using the estimates in Table 3 .1, whites are two times more likely to graduate from college and 1.7 times less likely to not have a high school diploma. I estimate the effect of parental characteristics (such as education and skill level, as well as income and time input in the first 6 years) on the education outcomes of children; I find that time spent with children has a significant and large effect on education outcome. Therefore, it is an important factor in explaining the gap in education outcomes of black and white children. That is, although there is significant persistence in educational status across generations, the time spent with children by both parents significantly predicts the education outcome of children. While I find that both mothers' and fathers' time is important, mothers' time increases the probability of children graduating from college or having some college education, while fathers' time reduces the probability of not graduating from high school. 
CHILD'S EDUCATION (% )
There is an extensive literature on the relative importance of pre-market skill on racial gaps and labor market discrimination in determining the observed racial gaps in labor market outcomes 49 .
Heckman and Mosso
50 is a comprehensive recent survey of this literature. Cameron and Heckman 51 's findings are closely related to my findings in terms of the interpretation. They investigate the sources of racial disparity in college attainment and concluded that the long-term socioeconomic factors are what determine the disparity as opposed to short term credit constraints. I find that family income in the first 5 years did not directly affect children's educational attainment after controlling for parental education, skill, siblings, and time spent with children. Therefore the government programs aiming to improve outcomes for disadvantaged children from poor neighborhoods should be careful in the types of transfers they make. In this paper, also in Del Boca et al. 52 , it is shown that monetary inputs are less productive in increasing child outcomes. This fact combined with the success of Perry Preschool Program type comprehensive investment schedules including the time investment, tell us the early childhood cognitive development requires time investment as a separate source of input. This makes the problem more complex than we might assume. Since unlike the other educational tools and educational materials that can be bought from the market, and also unlike the physical childcare time, there might not be a quite good substitute for the parental investment time in the market.
Conclusion
This paper estimates a human capital production technology using the parental monetary and time inputs during the early childhood as investments. I find that accounting for the endogeneity in the parental labor supply, income, and time spent with children decisions is important for understanding the mechanism of intergenerational transmission of human capital. A system of equations is formed using the endogenous variables and other exogenous sources of variations. The system includes the linear probabilities of the education outcomes equation as well as the labor supply, income, and time spent with children equations. The estimation uses the mother's and father's labor market hours over the first 5 years of the child's life as well as linear and quadratic terms of the mother's and father's age on the child's fifth birthday as instruments. The estimation results show that controlling for all inputs, a child whose mother has a college education has a higher probability of obtaining at least some college education and a significantly lower probability of not graduating from high school relative to a child with a less-educated mother; while the probability of graduating from college is also larger, it is not statistically significant. If a child's father, however, has some college or college education the child has a higher probability of graduating from college.
Parental time with children in the first 5 years is an important mechanism of transmission of human capital whereas family income in the first 5 years does not directly affect children's educational attainment after controlling for parental education, skill, siblings, and time spent with children. This finding has important policy implications. Public policies towards children from disadvantaged backgrounds should not only focus on direct/indirect monetary transfers, but a successful policy should find a remedy to address the other important input; time investment of parents. This in general might not be an easy task, and will depend on the substitutability of the parental time. Future studies should investigate more on the dynamics of time investment and future outcomes for children.
The equations in Table 3 .1 are estimated as a system 3SLS and the standard errors are reported in the parentheses. In the estımation shown in Table A .1 FLInc (MLInc) is the total labor income of the father (mother) in the first 5 years of the child's life. HSH is equal to1 if the child has more than a high school education and equals 0 otherwise. SC is equal to 1 if the child has more than some college education, and equals 0 otherwise. COL is equal to 1 if the child graduated from college and equals 0 otherwise. FTime (MTime) is total time investment of the father (mother) in the first 5 years of the child's life (sum of discrete variables which take the values 0,1,2). MWhours (FWhours) is the total work hours of the mother (father) in the first 5 years of the child's life (sum of discrete variables which take the values 0,1,2). F. HS (M. HS) is equal to 1 if father (mother) of the child is at least a high graduate, and is equal to 0 otherwise. F. SC (M. SC) is equal to 1 if father (mother) of the child has at least some college education, and is equal to 0 otherwise. F. COL (M. COL) is equal to 1 if father (mother) of the child is a college graduate and is equal to 0 otherwise. F. Age 5 (M. Age 5) is the age of the father (mother) when the child was 5 years old. Female is equal to 1 if the child is a female and is equal to 0 otherwise). Black is equal to 1 if the child is black, and is equal to 0 otherwise. Siblings <3 is the number of siblings who are less 3 years of age when the child was less than 6 years old. 3>Siblings≤6 is the number of siblings who are between the ages of 3 and 6 when the child was less than 6 years of age. 
